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Abstract
This thesis utilizes existing research to provide a framework that can be used for
community and disaster planning. It analyses the critical process of water disinfection for
drinking water. It focuses on chemical, distillation, and ultraviolet treatments in both
centralized and point-of-use treatment. This thesis aims to provide a method for
communities to determine the optimal water treatment, utilizing a framework based on
weighted criteria. The decision-making framework is an easy-to-use and flexible process
that communities can tailor for their specific needs to find the optimal treatment relative to
their needs. In this study’s generalized example, ultraviolet treatment and distillation were
found to be the optimal treatments for centralized and point-of-use systems, respectively.
However, the distillation process, depending on how much water is purified, can require an
unrealistic amount of electricity, making ultraviolet disinfection more practical. Both
treatments come at a potential economic cost, but their lack of disinfection byproducts that
could harm public health make them the optimal option.
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Introduction
Water is a vital resource and a basic need. The importance of water is evidenced by
the proximity humans have settled around sources of water. Over 50% of humanity lives
within three kilometers of the closest water source, and less than 10% lives further than
ten kilometers away from their closest source (Kummu et al. 2011). Water is so important
that it can be said that “the availability of water is the symbol of a civilized society
(Fishman 2011).”
Water quality is subjective. It depends on what it is being used for and differing uses
of water can have conflicting criteria. For this thesis, drinking water will be the main
consideration for these qualities. Drinking water, being essential for human life, has a lot of
available information and studies based on its treatment, especially from governmental
organizations like the United States Environmental Protection Agency. The scope of the
information surrounding the topic of water treatment is broad. The sources collected for
use in this paper range from observations on the importance of water in society, such as
the book containing the above quote, to the empirical data on the cost of chemical-based
water disinfectants collected by the United States Environmental Protection Agency (EPA
2003).
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The EPA has several studies and resources available for use. The history of water
treatment has shown some evolution in how humans treat water for consumption. (EPA
2000). Historically, water was treated to improve its aesthetic qualities (EPA 2000). These
aesthetic qualities were the turbidity (how cloudy the water is) and the liquid’s odor.
Treating these via charcoal and sand filters had the byproduct of making the water safer to
drink, as reducing the turbidity via filtration removes suspended solids such as soil, organic
matter, or feces, that harmful microorganisms and parasites can be sheltering in. Even
today, we treat water in much the same way, utilizing taste and smell to determine if the
water is contaminated (Rigal et al. 1999).
While we continue to filter water with sand and charcoal to reduce the turbidity,
there is a signifigant difference. In modern times, disinfecting the water is the primary
consideration of treatment services. Disinfection, in this context, is defined as the process
of cleaning something to destroy pathogens. Water-related pathogens such as viruses,
bacteria, and protozoans can cause gastro-intestinal illnesses (EPA 2011) and can be
deadly. Water-related illnesses are responsible for 3 to 4 million deaths every year
(Cosgrove et al. 2000). It was estimated in 2002 that 34-76 million people would die
between 2000 and 2020 due to water-related disease (Gleick 2002). This is indicative of
the importance of disinfecting water, as many of these deaths could have been prevented. It
has been known that treating water reduces the deaths due to water-related illnesses for
decades (Akin et al. 1982). In the United States alone, reported deaths from water-related
illness drastically dropped to less than a tenth after the introduction of chlorination
treatment. This happened while outbreaks still occurred around untreated surface water.
Due to this, the disinfection portion of water treatment is what this thesis will focus on.
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Because this paper focuses on the disinfection of water, it is essential to understand
the pre-treatment of water and the history behind it. There is a reason why these chemicals
are preferable to not treating it in the first place. As mentioned earlier, millions die every
year from water-related illnesses. A prime example is cholera, which was determined to
spread by water by John Snow (Morris, 2007). The story of John Snow, detailed in the first
chapter of The Blue Death: Disease, Disaster, and the Water We Drink by Dr. Robert Morris,
demonstrates the ease in which a water source can be contaminated. Even in the United
States, crumbling infrastructure might not be adequate, with leaky pipes that are a hundred
years old carrying the water that is vital to survival. Like what happened during Hurricane
Katrina, the infrastructure that does exist can easily be wiped out. This revealed the true
devastation that untreated water can bring.
In some respects, treatment has not been changed much. Using sand and charcoal to
filter water is and has been the go-to method of filtering for thousands of years. In the
modern age, there is coagulation to condense suspended solids so that they sink while the
clearer water continues to flow into the charcoal and sand filters. Then the water gets
treated with chlorine to disinfect it (EPA 2000). Chlorine (among other chemicals) is used
because it is a cost-effective method of disinfection, but it has drawbacks. Disinfection
byproducts (DBPs) are an issue when using chemical treatment. (DeMarini, 2019) Several
regulated and many unregulated DBPs are genotoxic, meaning they can damage the DNA of
people who end up absorbing these chemicals. What is worse is that many of the
unregulated DBPs have not even been tested to determine if they are carcinogenic. Even if
they had gotten testing, no individual test could come close to the complexity of hundreds
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of these disinfection byproducts mixing. This plays an important factor in determining if
the benefit of using it as a disinfectant is outweighed by the costs associated with its use.
Even the regulations involved can influence what treatment options are more viable
(EPA 1999). If there is a zero residuals policy, such as in Warwick, New Jersey, Ultraviolet
light treatment can be more cost-effective due to the need to adhere to a policy.
Additionally, there is also the benefit of not needing storage solutions for potentially
harmful chemicals if the UV lights are used. There have been pilot tests in Alberta, Canada,
and the previously mentioned Waldwick, New Jersey testing the use of Ultraviolet
disinfection (EPA 1999) that showed the treatment to be effective in not only the
disinfection of the water but also competitive in cost when taking the storage and
precautionary costs of the chlorine needed for chemical treatment into consideration. This
makes it a viable alternative up for comparison and consideration.
Distillation is the third and final disinfection solution that will be discussed in this
thesis. Distillation is a popular method for smaller-scale water purification, consuming
approximately 3% of the total energy produced in the United States (Tsouris 2001), as it
has the added benefit of filtering to go along with it. It is typically used in purifying water
for use in chemical plants, but it can also be used in the homes of private residences.
Research has been conducted into making the process more efficient, such as using
electrical currents to reduce the boiling point of the water and altering the rate of
evaporation. This could potentially be combined with more novel designs, such as one
involving the utilization of photovoltaic cell solar panels (Wang et al. 2019), for a larger and
more efficient system.
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However, treatments like distillation are typically not used on a large scale due to
the nature of the treatment. Unfortunately, boiling the water and passing it through a filter
is not cost-effective due to the large energy requirement of boiling water, especially on a
large scale. Even small-scale distillers are expensive and require filters. While boiling some
water is not overly expensive on a small scale, it is much more expensive on larger scales.
However, it has been suggested to use solar panels as part of the membrane distillation
process (Wang et al. 2019). The solar panels produce a lot of heat, and this could be a
productive way to use that heat while simultaneously managing it, so it does not damage
the panels.
An issue with a lot of treatments, such as solar panels, is the inability to bring them
to the people who need them the most. It would be difficult to trek to a remote village with
heavy solar panels. Millions of people die every year due to water-related diseases that
arise from untreated or improperly treated water (Gleick 2002). Most of these deaths are
not going to be in so-called developed countries with the proper infrastructure to disinfect
water. Sustainability is a key factor in water treatment. It does not matter if the water is
clean if you cannot keep it clean, or if nobody has access to it. With over a billion people
worldwide without access to clean drinking water (Levy et al. 2011), the process must be
feasible both economically and logistically. Water-related conflicts have been on the rise
due to global climate change, so it is imperative that a sustainable solution to clean water
access is used in every community.
Even developed countries can have missteps in handling their drinking water,
however. The Flint, Michigan water crisis shows what can happen even in developed
countries when water resources are not handled correctly. Switching from the Detroit

8
water system to the Flint river resulted in lead contamination in their water distribution
system (Masten et al. 2016). The government’s emergency response did little to assuage
the public’s fears and, which in turn, did not bolster their confidence in the government. It
also highlighted the need for improved environmental health infrastructure and the
monitoring of it (Ruckart et al. 2019).
It does not matter how well your water is treated if it becomes contaminated later
on in the distribution system. There are plenty of resources and studies indicating potential
causes of lead contamination. For example, chemical treatment of water can enhance the
ability for stagnated water to corrode solders in pipes (Nguyen et al. 2010) (Edwards et al.
2004). Additionally, different standards for measuring exposure to dangerous chemicals
can change if the amount of disinfectant being used is acceptable (Ewaid et al. 2018). These
resources need to be reviewed before making a drastic change in the water treatment or
distribution systems to prevent another crisis such as the one that happened in Flint.
Large purification centers are not the only option, however. At-home water
purification systems exist and are a potential solution to be explored. In smaller
communities, it can be more cost-effective to install point of use treatment options, and
some of these options might suit “upstream” or centralized treatment but not the
“downstream” or point of use treatment.
Point-of-use or point-of-entry water treatment systems will be defined as having a
capacity of treating water for less than 20 people, and centralized treatment being 10000
or more people, for the use in this thesis (Obermann et al. 2013). For expedience, the
smaller category of point-of-use and point-of-entry systems will be referred to as point-of-
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use. This is due to issues of scale, with point-of-entry distillers being very expensive in
terms of electrical use and not producing enough water for daily usage. With those issues in
mind, smaller point-of-use systems still have applications for small and/or developing
communities, especially when only drinking (and potentially bathing) water is being
considered. This is due to their cost-effectiveness and ease of use (Pooi et al. 2018), and is
especially true when a given community cannot afford or otherwise lacks access to the
infrastructure required for centralized treatment. Despite the differences in scale, the
technology behind the treatment systems is similar (EPA 2006) with both systems relying
on many of the same disinfection treatments.
These technologies can be used in varying scales, circumstances, and combinations.
This thesis seeks to determine which disinfection technology performs optimally. This will
be accomplished using a decision-making rubric. The rubric will be utilized for both
centralized and point-of-use systems. This system, which is detailed in the methods section,
can be modified to fit the importance of a particular category. This allows it to be more
flexible for a given community’s needs.

Methods
Due to travel restrictions and safety concerns caused by covid-19, this thesis will
primarily be reviewing existing literature on the subject to form its observations and
recommendations on what disinfection system(s) are the most optimal and in what
situations they are the most effective. Peer-reviewed articles and reliable resources were
obtained through databases such as Google Scholar, the National Center for Biotechnology
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Information, and Science Direct. The sources were found by using keywords such as "water,
treatment, pipes, lead concentration, chlorine, chloramines, health, outcomes, cost,
ultraviolet, distillation” in varying combinations.
The decision-making system being used utilizes weighted criteria assigned a value
between 0 and 1, with all the values adding up to 1. There will be two separate charts, with
one being the upstream treatment and the other being the downstream treatment. The
criteria would be economic viability, long-term sustainability, and environmental impact.
Economic viability gets a score of 0.3, public health gets a score of 0.4, and environmental
impact gets a score of 0.3. The treatments will be ranked against each other and given stars
based on how they compare. The number of stars will be multiplied by the weight of the
criteria then added together with the other criteria for the treatment option. The rationale
behind the score assignments will be elaborated on in the discussion portion of this thesis.
The “economic viability” is determined by the cost of materials, upkeep, and the
ability to deploy the treatment to less developed regions. Public health is determined by
the impact the treatment has on humans. Environmental impact is determined by the
impact on flora and fauna from the treated water, as well as how the distribution system is
impacted by the treated water. The point of use electrical consumption was calculated by
averaging common commercially available distillers (the consensus being that the average
is approximately 3 kWh per 4 liters) and ultraviolet lamps, which come in a wide variety of
wattages, ranging from 12 to 55 Watts for typical consumer-available bulbs. These items
were found through online retailers such as Amazon, Express Water, Megahome Distillers,
and Ronaqua. Cost estimates for commercially available point-of-use systems were
estimated by observing the price ranges of applicable items on online retailers. These costs
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were used in conjunction with the typical costs of a centralized treatment system (EPA
1999) and average household water usage (EPA 2018) to determine the per household
costs used for comparison of the associated costs of centralized and point-of-use systems.
These costs were tabulated in Microsoft Excel and made into graphs (Figures 3-4).

Results
The performance scores for the centralized treatments were 1.6, 1.4, and 2.0 for
chemical, distillation, and ultraviolet, respectively. The performance scores for the point of
use treatments were 1.0, 2.4, and 2.3 for chemical, distillation, and ultraviolet, respectively.
Ultraviolet treatment was determined to have the highest score for centralized treatment,
and distillation having the highest score for point of use treatment. Chemical treatment
placed second in centralized treatment and the lowest in point of use. This was due to
disinfection byproducts reducing its ranking in the public health and environment criteria.

Treatment
Options

Criteria
Public Health
Weight: 0.4

Centralized Treatment
Chemical
Distillation
Chemicals allow for
residual treatment
while the water is
being distributed,
which minimizes
the risk of illness.
However,
disinfectant
byproducts can
harm public health
(DeMarini 2019).

Distillation lacks
residual treatment,
which could impact
the ability of the
water to remain
disinfected.
However, there are
no disinfection
byproducts for this
treatment since it is

Ultraviolet
Ultraviolet light
lacks residual
treatment, which
could impact the
ability of the water
to remain
disinfected.
However, there are
no disinfection
byproducts for this
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*
Economic Viability
Weight: 0.3

Environmental
Impact

Chemical treatment
is cost-effective in
centralized
treatment systems,
making it the de
facto norm for
water treatment in
the US (EPA 2003).
According to the
EPA, the startup
costs for chlorinebased water
treatments are
lower, but the
operation and
maintenance costs
are much higher,
with the lowest
annual maintenance
cost being $49,300
for a facility with a
capacity of 1 mgd
(millions of gallons
per day.)
***
The residual
treatment and
disinfectant
byproducts have the
potential to harm
wildlife (DeMarini
2019).
*

primarily just
boiling water.
**
There is no known
way to safely boil
these large
quantities of water
cost-effectively for
consumption (EPA
2006).
*

Distillation has no
disinfection
byproducts that
Weight: 0.3
could impact
wildlife. The
hypothetical
electrical cost would
cause more harm
indirectly than what
would be prevented
by the lack of
disinfection
byproducts.
*
Scores:
1.6
1.4
Figure 1. Decision-making rubric for centralized treatment.

treatment (EPA
2011).
**
Ultraviolet light can
potentially be a
competitive cost
compared to
chemical treatment
when long-term
costs are considered
(EPA 2003).
According to the
EPA, it would cost
$244,000 to set up a
UV system, but only
$19,190 in annual
costs. Lamp costs
vary based on
capacity, with
higher capacity
lamps having a
lower average cost.
**

The ultraviolet
treatment has no
disinfection
byproducts that
could impact
wildlife (EPA 2011).
**

2.0
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Treatment
Options

Criteria
Public Health
Weight: 0.4

Economic Viability
Weight: 0.3

Point of Use Treatment
Chemical
Distillation
Chemical treatment
done on a point of
use basis would be
more prone to
mistakes that could
be detrimental to
public health due to
misapplication of
the disinfectants.
They also have a
potential for
disinfection
byproducts that can
be harmful to
consume (DeMarini
2019). Additionally,
misapplication from
users could result in
chemical poisoning.
*
The viability of
treatment is limited,
as more frequent
application of the
disinfectant
chemical is needed,
as well as storage
and restocking of
them (EPA 2003).
According to the
EPA, drums or
pallets of tablets can
be bought in bulk
for $69-$280 for
100 lbs. Chlorine is
a hazardous
material, so
shipping costs can
impose additional
fees. There is also
the need for a large

Ultraviolet

Modern distillation
appliances typically
include filtering,
reducing the need
for pre-treatment
(EPA 2006).
***

Ultraviolet light
would be safe and
effective, provided
there is pretreatment to reduce
the number of
suspended solids
(EPA 2011).
**

Distillation
appliances are
widely available for
consumer purchase.
Replacement of the
filters would be the
main recurring cost,
along with
electricity.
However, the large
size of the device
limits its placement,
and the output can
be limited to <10
gallons a day (EPA
2006). Additionally,
there are options
for solar distillation
that do not require
electricity, however,
the rate of these

Ultraviolet
disinfection
appliances are
widely available for
consumer purchase.
Replacing the lamp
and electricity are
the main
operational costs
(EPA 2003).
Consumer available
UV treatment
installations range
from less expensive
(<$200, with the
cheapest being
$69.99) home
systems to
expensive (>$2400)
commercial-grade
systems, with costs
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Environmental
Impact
Weight: 0.3

Scores:

water storage unit
(or a well) for the
treatment to be
done. However, this
treatment does not
need electricity.
Chlorine injection
systems range from
$160 for small
home treatment to
>$4000 for larger
commercial
treatment.
*
It would be harder
to manage chemical
logistics and
regulating the usage
of them if everyone
were to use them,
rather than a
centralized source.
Disinfection
byproducts would
be even harder to
manage as well
(DeMarini 2019).
*

tends to be much
lower and relies on
the weather. Prices
for home water
distillers range from
$60 to >$3000 for
higher capacity
distillers.
**

generally scaling
with how many
gallons per minute
the system can treat.
***

Distillation’s
primary impact
would be the
electrical cost to run
the process, as it is
just boiling water.
This electrical cost
(~3 kW h for 4
liters for one
commercially
available model) for
example, is
comparable to
running a UV lamp
24/7, provided you
are not making
more than that 4
liters.
**

1.0

2.4

Ultraviolet
treatment’s primary
impact would be the
electrical cost to run
the lamps (EPA
2011). The daily
electrical cost for
uninterrupted
operation is
comparable to
distillation for home
operation,
depending on the
wattage of the bulb.
A median wattage of
42.5 watts is ((42.5
watts * 24
hours)/1000 = 1.02
kW h)
approximately 1.02
kW h per 24 hours
of operation. This
difference is minor
in terms of electrical
usage and is
unlikely to make a
difference in
electricity
production.
**
2.3
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Figure 2. Decision-making rubric for point of use treatment.
These results indicate that, given the weights of the criteria, the ultraviolet
treatment is optimal for centralized treatment, and distillation is optimal for decentralized
treatment. Ultraviolet treatment was determined to be more effective in centralized
treatment due to distillation failing in the economic category for centralized treatment.
Distillation was found to be superior in point-of-use treatment due to not requiring pretreatment for it to be effective. Additionally, point of use distillation has low infrastructure
options, such as solar distillation, that can be utilized in regions with little to no power,
provided that the weather cooperates. However, it is worth noting that distillation
technologies are energy intensive, and this cost could be prohibitive if it is used for the
entire household.

Centralized vs. Point-of-Use
The centralized treatment used for comparison was chemical treatment with
chlorine. It is evaluated by scale, with different (dry weather) flow rates representing the
potential number of houses that the facility could service.
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Chemical
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Centralized (5 mg/L Cl2) vs. Point-of-Use
Upfront Costs

Lower Estimate
Cost per house (Centralized
Estimates)

100 mgd
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Treatment Options

Figure 3. This table displays the estimated costs for the centralized (yellow) system (estimated
with EPA 1999 data) compared to the point of use systems (blue, orange, and grey.) The costs
for the centralized system were made based on the use of 5 mg/L of CL2. Additional costs of
increased chlorine use for treatment can result in higher costs, but the additional costs there
were ultimately negligible in this comparison. The centralized systems used flow rates to
determine scale and how many houses such a facility could service, with the 0.1 mgd rate
being estimated using the EPA 1999 data..
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Figure 4. This table displays the estimated operational costs for the centralized (yellow)
system (estimated with EPA 1999 data) compared to the point of use systems (blue, orange,
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and grey.) The costs for the centralized system were made based on the use of 5 mg/L of CL2.
Additional costs of increased chlorine use for treatment can result in higher costs, but the
additional costs there were ultimately negligible in this comparison.
For centralized chlorine-based treatments, 5 mg/L of chlorine used had the largest
startup cost per household at a flow rate of 1 mgd, which services approximately 3333
households (EPA 2018). The 10 mgd (33333 households) and 100 mgd (333333) were cost
competitive or lower in terms of startup costs. An additional 0.1 mgd facility (333
households) was estimated by observing cost trends from the larger facilities (Figure 3).
For annual operational and maintenance costs in the 5 mg/L comparison, only in the 0.1
mgd section in the 1 mgd section were and of the point-of-use treatments more costefficient (Figure 4), with the 1 mgd facility only being cost effective if the lower estimates
were used, and only for distillation.

Discussion
Decision-Making System
Public health was given the highest score in this context due to its role as the
primary goal of water treatment. The value of disinfecting drinking water is above all
realistic costs for it, due to it preventing water-related illnesses, so it stands to reason that
it is the most important criteria. Water-related illnesses continue to kill millions of people
every year and will need to be dealt with on a community-by-community basis by
examining their needs.
An economic criterion is necessary. As crucial as water disinfection is, it must be
possible to do so in an economically responsible way. Even something as priceless and
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universally necessary as clean drinking water still comes at a cost. Additionally, high
infrastructure requirements prevent setting up the treatment technology in rural areas and
high costs limit access to impoverished communities. Requiring too much time, or too
many resources, prevents people in the area from getting access to the water when they
need it the most.
The environmental costs are just as important as the economic costs, however.
From a utilitarian standpoint, humans, their societies, and their economies by extension
cannot function without the environment’s vital functions. Destroying the environment
from which water is gathered makes gathering and purifying the resource more costly and
makes unpurified water even more toxic to those without access to the infrastructure
needed to purify it. This further drives the inequalities present on the global scale.
This decision-making system is limited by a few factors. The first being the
imprecise nature of how the stars are awarded. In this situation, the distillation option is
not feasible economically, but this cannot be entirely represented using this system due to
it only being ranked in a way relative to the other options, necessitating a minimum score
on that criteria. It also necessitates determining how large of a difference between
categories two treatments must have to warrant a different ranking. For example, the 3 kW
h vs. the estimated 1.02 kW h of the distillation and UV point-of-use treatments. These two
might seem very different at a glance, but the scale of electricity production in the US
makes it unlikely to push the grid into needing more energy production, as electricity is
wasted if it is not used. This likely applies to home scale generators as well, as they tend to
operate in thousands of watts, rather than the meager hundreds that a distiller needs while
running.
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Another factor that can limit the usefulness of this decision-making system is the
subjective nature of the exact value of the assigned weights. However, when you have
multiple factors that need to be considered, you can only be so objective when determining
which is the most important, and how much more important it is than other factors.
An additional limitation is the scope of this paper. Not all the potential technologies
that could have been potentially utilized were. Technologies such as ultrasonic treatment
or membrane filtering are examples. There are other novel disinfection options available
that were not discussed due to the scope of this paper but could be included in a more
comprehensive report with more resources behind it.
Another limitation is that the system is better for more defined scopes. This system
has a better use case for a particular community where the needs of that community are
better known and limiting factors can be considered. For example, desalination cannot
even be considered in a generalized situation such as the one presented in these charts
because not all communities have access to the sea, regardless of its merits or the lack of.
The primary benefit of this system is that it is easy to utilize. The weights can be
modified to suit a given community’s needs while utilizing the same objective information.
For example, smaller communities with a smaller footprint might be less concerned about
the environment but more focused on their economic needs. The criteria used in this paper
is more balanced, as it was not created with a particular community in mind. Some
additional criteria could be included, however, the binary nature of some of them would
ultimately disqualify some treatments. For example, not allowing the use of electricity

20
would entirely disqualify ultraviolet treatment and further limit, but not disqualify, the
viability of distillers.
This can be applied in a variety of contexts. One application is in community
sustainability and resiliency planning. Infrastructure gets built upon previously established
infrastructure, so it is important to start on the right foot. Selecting wrong can result in
expensive retrofitting or even a need to completely reconstruct vital infrastructure. Failing
that, this system can be used to re-evaluate and justify which system would best fit the
community’s needs in an easily digestible manner. Additionally, planning so that your
system functions during and after a disaster can save lives by reducing the impact of one of
the many problems that can arise in a disaster and free up resources to deal with pressing
issues.
Considering a disaster planning context, the same criteria could be used but with
either different weights or different underlying definitions or qualifiers. For example, the
previously mentioned lack of electricity qualifier and a lack of infrastructure would make
point of use chemical treatment have a higher performance score. This system allows for a
wide variety of situations that can be planned for, provided limitations, such as a lack of
electricity, are planned around properly.
However, not all disasters and communities are equal. In 2021, the state of Texas
underwent a polar storm that devastated communities. People lost power, water pipes
burst, causing potentially millions in property damage as home insulation got waterlogged
and frozen, and they were forced to boil snow to have access to any water at all. The state
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was not ready for such a disaster, casting blame on their poorly equipped and deregulated
infrastructure instead of their lack of planning for such a situation.
In such a situation, while solar distillers do not require power, solar distillers
require sunny and warmer weather for the water to evaporate, making them infeasible to
use. This shows the complexity of the availability of clean drinking water and how
devastating a lack of infrastructure can be during a disaster.

Centralized vs. Point-of-Use
The existing chemical treatment infrastructure was a useful baseline to compare the
cost effectiveness of point of use treatments. Figures 3 and 4 demonstrate the costs of
either system effectively, however, they do not take the positives and negatives of either
system into account. While they are considered in the decision-making system examples,
that is not very useful when determining if the centralized system or point-of-use approach
is better for use. The estimates were also not necessarily taking installation of the systems
into account for non-counter-based systems. It also did not consider if only enough water
to drink was produced, or enough water for the entire 300 gallons per household per day
to use for the lower cost estimates. However, this is more important for startup costs,
rather than the operational costs. That same consideration also calls into question the
system’s operational costs. For example, if only enough water to drink was considered, the
electrical cost would be low. However, if the entire 300 gallons per household per day was
distilled, the electrical costs would be prohibitive. This would make ultraviolet disinfection
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systems more realistic, but they are less cost effective on average than even the 0.1 mgd
facilities.
There is also concern over the privatization of the water treatment systems if
private contractors are used to install and potentially maintain the point of use systems,
calling into question if the effectiveness of ensuring public health could be compromised if
corners are cut. A decentralized system like point-of-use is harder to effectively regulate if
corners are cut every so often. This potentially could be gotten around with some sort of
regulatory body that issues can be reported to, but this brings additional administrative
costs.
However, making small scale centralized treatment systems limits the growth of the
community until larger ones can be built, incurring additional costs. It is also worth noting
that the data in figures 3 and 4 are assuming the larger facilities will be treating enough
water for the maximum number of households it could sustain at those flow rates and that
cost is being evenly distributed when that might not be the case for a developing
community.
In many cases, poor communities (outside of the United States) simply cannot front
the cost of a centralized treatment system. This means they either go without it or they end
up paying more for point-of-use systems. This is like the anecdote about the poor
guardsman who can only afford cheaper boots that wear out quickly, forcing them to buy
more instead of being able to save up for better ones that will last much longer. Poor
communities must either drink untreated water or individually disinfect it with less
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effective and/or more expensive point-of-use/point-of-entry systems instead of being able
to develop more cost-effective centralized systems.

Summary and Conclusions
This study was done to determine a generalized assessment of disinfection
treatments for drinking water and to provide a framework that communities can use when
planning their development and disaster relief. We must determine a sustainable and safe
process for water to be treated in the interest of public health. This can be done by
determining the optimal treatment method on a community-by-community basis to
prevent water-related illnesses and the conflict resulting from water scarcity. The study
addressed potential criteria to be considered in an assessment of sustainability and which
of the discussed treatment options fulfilled these criteria the best. The study also was
interested in determining the cutoff point for point-of-use/point-of-entry systems being
more cost effective than centralized treatment. The system would have to be ridiculously
small; so small that only the smallest of communities, communities with even less than
1000 people, would bother using such a system.
For centralized treatment, ultraviolet disinfection was determined to be the optimal
choice, with a performance score of 2.0. For point-of-use treatment, distillation was
determined to be the optimal choice, with a performance score of 2.4. The former result
corroborates with the information collected by the EPA on the topic of ultraviolet
disinfection (EPA 2000) (EPA 2003). The latter was namely accomplished with the use of
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one EPA source (EPA 1999) and through browsing commercially available distillers at the
time of writing.
Point-of-use was shown to be more cost effective in the long run for distillation
systems for very small communities, being cost competitive in the long term when
compared to the lest efficient centralized chemical treatment system used in this analysis.
However, these operational costs only considered the cost of replacement filters, and not
the amount of electricity used. If it is only considering a small amount of water for drinking
the cost is negligible, but if it is considering the entire 300 gallons the electrical cost is
significantly higher and infeasible. Ultraviolet disinfection systems would be a more
realistic system if the entire household water supply were to be disinfected, but only at
costs lower than the median estimates. It would be feasible for even smaller communities,
provided the facilities do not need to be upgraded due to population growth.
More recent studies into the cost-effectiveness of ultraviolet disinfection and point
of use treatments would make such a report more accurate, providing a more useful
assessment of the available treatment options. Determining installation costs and
operational costs would be critical for determining the optimal system. Additional research
into other novel treatment options, such as ultrasonic disinfection, would allow for a more
comprehensive report as well.
If allowed any changes, this paper would have changed the performance charts to
reflect the needs of a specific community instead of an abstracted general situation, as
trying to appeal to everyone tends to appeal to no-one. Better determining the extent of the
point of use system would have made for a more convincing comparison between
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centralized and point-of-use systems. The study also would have looked deeper into
disinfection treatments such as membrane distillation to be more comprehensive.
Additional research into disaster relief programs and a greater emphasis on them would
also go towards stressing the importance of building greater resiliency in communities that
need it.
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